Sphingosine
(D-eryf/*r<9-2-amino-4-octadecene-l, 3-diol) and dihydrosphingosine (d- erj^/jro-2-aminooctadecanel ,3-diol) are naturally occurring bases which serve as the backbone for the structures of cerebrosides, gangliosides, sphingomyelin, etc.l) Various kinds of syntheses for the sphingolipid bases have been reported to date as reviewed by Shapiro.2) Recently a bioactive sphingosinelike terpenoid named aplidiasphingosine (2- amino-5,9, 1 3, 17-tetramethyl-8,16-octadecadiene-l,3>14-triol) was isolated from a marine tunicate by Carter and Rinehart, Jr. 3) Here we describe a simple and general synthetic method for erythroand^re0-2-amino-l, 3- diols with an acyclic terpenoidal carbon skeleton. The synthetic routes are shown in Scheme I.
The aldol-type reaction of acyclic terpenoidal aldehydes (la, lb) with 2-nitroethanol was carried out in the presence of some bases to give a mixture of erythro-and £/*reo-2-nitro-l, 3-diols (2a, 2b) as shown in From our results, as shown in Table I , potassium fluoride was found to be more effective for the reaction of these acyclic terpenoidal aldehydes with 2-nitroethanol than potassium carbonate. The best result was obtained when potassium fluoride was used in the presence of tetra-fl-butylammonium bromide in aprotic solvents. The 1,3-diol system of 2-nitro-l, 3-diols (2a, 2b) was protected by treatment with 2,2-dimethoxypropane and /7-toluenesulfonic acid in benzene to give two stereoisomeric nitro acetonides (3a, 3b) and (4a, 4b). These stereoisomers were readily separable by silica gel chromatography (ARf: 0.2-0.3) on a preparative scale in -40% (3a, 3b) and -50% (4a, 4b) yield, respectively.
The former eluted components were thought to be equatorialnitro isomers (3a, 3b), while the latter eluted components were assumed to be axial-nitxo isomers (4a, 4b) on the basis of the following reasonings.
The axial-mtro isomers (4a, 4b) have polar substituents (nitro group and two acetonide oxygen atoms) in steric proximity so that all of them can interact with the surface of silica gel. Therefore the axial-nitvo isomers (4a, 4b) should be more strongly adsorbed than the equatorial-mtro isomers (3a, 3b). In addition to this chromatographic behavior, of particular interest is the finding that the axialnitro isomers (4a, 4b) can mostly be epimerized to the thermodynamically more stable equatorial-mtro isomers (3a, 3b) by heating with silica gel in benzene. The final equilibrium compositions in the course of the epimerization of the nitro acetonides are given in Table II. These nitro acetonides were then reduced with aluminum-amalgam to the corresponding amino acetonides (5a, 5b) and (6a, 6b). The stereochemistry of each of the amino acetonides was confirmed by the^-NMRanalysis considering the vicinal coupling constant value between Ha and Hh (/ab=9 Hz for 5a, 5b and /ab~2Hz for 6a, 6b).6) Finally acid hydrolysis, with /?-toluenesulfonic acid in iso- The spectrum was measured in CDC13.
The spectrum was measured in CD2C12/CD3OD (2/1) .
The duplicated resonances due to diastereo isomerism which is attributed to the C-5 asymmetric center were observed for each carbon. The assingments of each carbon are determined by its chemical shifts and multiplicities (C-l, triplet, C-2;
doublet, C-3; doublet) in the off-resonance decoupled spectrum.
propyl alcohol, of the amino acetonides (5a, 5b) and (6a, 6b) afforded erythro-2-a.mino-l , 3-diols (7a, 7b) and //zra?-2-amino-l,3-diols (8a, 8b), respectively.
These synthetic erythro-and threo-amino diols (7a, 7b, 8a and 8b) were converted to the corresponding triacetyl derivatives (9a, 9b, 10a and 10b) and N-acetyl derivatives (lla and 12a) for 13C-NMRmeasurements. In Table III the chemical shifts for the C-1,2,3 carbons in each isomer are listed. In both the triacetyl derivatives and the N-acetyl derivatives, the upfield shift of the C-l carbon and the down field shifts of the C-2 and C-3 carbons were observed in the erythro-isomer compared with the threo-isomer. The largest chemical shift difference between the erythro-and threo-isomQvs was observed for the C-3 carbon. Evidently 13C-NMRspectroscopy is one of the most important tools for the configurational analysis of these diastereomeric 2-amino-l,3-diols.7)
The synthetic method described here was applied to the synthesis of aplidiasphingosine itself and to the determination of its relative stereochemistry.8)
EXPERIMENTAL
Melting point was uncorrected. IR spectra were recorded on a JASCOIRA-1 spectrometer. XH-NMR spectra were recorded on a Hitachi R-24Aspectrometer (60 MHz) or on a JEOL JNM-MH100 spectrometer (100 MHz). 13C-NMRspectra were recorded on a JEOL FX-100 spectrometer (25 MHz). HPLCanalyses were carried out with a Shimadzu LC-2 liquid chromatograph. Reaction of terpenoid aldehydes with 2-nitroethanol in the presence of KF and tetra-n-butylammonium bromide (TBAB).
i ) 5,9-Dimethyl-2-nitro-8-decene-l, 3-diol (2a) . KF (581mg, 10 mmol) and TBAB (805mg 2.5 mmol) were added to a mixture of (±)-citronellal (la) (7.71g, 50 mmol) and 2-nitroethanol (9.10g, 100 mmol) in acetonitrile (50 ml), and the mixture was stirred at room temperature under Ar. After 20hrs, the reaction mixture was poured into ice-cold water and extracted with ether. The ether extract was washed with water and brine, dried with MgSO4 and concentrated in vacuo. The residue was chromatographed over Merck silica gel C-60. Elution with benzene-ethyl acetate (7 : 3) gave 10.4g (85%) of (2a) IR v^cm"1: 2960 IR v^cm"1: , 2920 IR v^cm"1: , 2840 IR v^cm"1: , 1550 IR v^cm"1: , 1460 IR v^cm"1: , 1380 IR v^cm"1: , 1360 IR v^cm"1: , 1280 IR v^cm"1: , 1250 IR v^cm"1: , 1230 IR v^cm"1: , 1200 IR v^cm"1: , 1170 IR v^cm"1: , 1150 IR v^cm"1: , 1130 IR v^cm"1: , 1090 IR v^cm"1: , 1020 ii) 5,9, 13,1 7-Tetramethyl-2-nitrooctadecane-l ,3-diol acetonide (3b) and (4h). These were prepared by the same procedure as described above. After chromatography on silica gel and elution with benzene, the faster eluting nitroacetonide (Rf=0.70), (3b), was isolated in a 39% yield as a pale yellow oil. n\J 1.4582. IR vá"aá" cm"1: 2960, 2920, The slower eluting nitro-acetonide (Rf=0.35), (4b), was isolated in a 52% yield as a pale yellow oil. «£/ 1.4627. IR v£j£ cm" 1: 2960, 2920, 2840, 1550, 1460, 1380, 1350, 1280, 1230, 1200, 1170, 1140, 1120, 1080, 1020, 960, 890, 870, 850, 810 SiO2-Catalyzed epimerization ofnitro-acetonides. A mixture of(4a) or (4b) (500mg) and silica gel (Merck silica gel C-60, 70-230 mesh, 1.5g) in benzene (10ml) was heated at 65°C. Aliquots were filtered and the filter cake was washed with benzene. The benzene soln was concentrated in vacuo and analyzed by HPLCon a Zorbax SIL column (6.2mm x25cm), using CH2C12 at 1 ml/min with 226nm monitoring. The final equilibrium compositions (65°C, 5hrs) estimated by HPLC analysis are summarized in Table  II .
Reduction of nitro-acetonides with aluminium-amalgam. 5 g) ] was added to a stirred and icecooled mixture of (3a) (1.0g, 3.5 mmol) in ether (45ml) and water (3ml). After addition, the temperature was gradually raised to room temperature and the mixture was further stirred vigorously for 20 hrs. The reaction mixture was filtered through Celite and the filter cake was washed three times with hot ether. The ether solution was concentrated in vacuo. The residue was chromatographed over Woelm neutral alumina (Grade II). Elution with etherMeOH(9: 1) gave 705mg (79%) of(5a) as a colorless oil. n225 1.4656. IR vá"aá" cm"1: 3350, 2940 1.4656. IR vá"aá" cm"1: 3350, , 2900 1.4656. IR vá"aá" cm"1: 3350, , 2840 1.4656. IR vá"aá" cm"1: 3350, , 1600 1.4656. IR vá"aá" cm"1: 3350, , 1450 1.4656. IR vá"aá" cm"1: 3350, , 1380 1.4656. IR vá"aá" cm"1: 3350, , 1270 1.4656. IR vá"aá" cm"1: 3350, , 1220 1.4656. IR vá"aá" cm"1: 3350, , 1200 1.4656. IR vá"aá" cm"1: 3350, , 1160 1.4656. IR vá"aá" cm"1: 3350, , 1080 1.4656. IR vá"aá" cm"1: 3350, , 1000 2-Ami no-5, 9, 13, 17-t et r amet hyl oct adecane-l , 3-di ol (Sh). This was obtained in a 81% yield from (3b) in the same manner as described above, njf 1.4574. IRvá"á"cm"1: 3350, 2920 , 2840 , 1600 , 1460 , 1380 , 1280 , 1230 , 1200 , 1170 , 1090 , 1070 , 1010 $Esi3 PPm: 0.86 (15H, seemingly d, 7=6Hz), 1.34, 1.40 (6H, each s), -2.0 (26H, m), 2.52 (1H, ddd, 7=5, 9, 9Hz, CHNH2), m), 3.72 (1H, dd, 7=5, llHz) . MS (70eV) m/z: 382 (M+ -CH3). Anal. Found: C, 75.81; H, 12.74; N, 3.45, Calcd. for C25H51NO2: C, 75.51; H, 12.93; N, 3.52%. iv) 2-Amino-5,9,13,17-tetramethyloctadecane-l, 3-diol ((to) . This was obtained in a 76% yield from (4b) in the same manner as described above. ri § 1.4578. IR vá"aá" cm" 1: 3350, 2920, 2840, 1590, 1460, 1380, 1280, 1240, 1200, 1160, 1150, 1080, 1050, 980, 940, 910, 890, 840, 740. NMR(100 MHz) SgSfppm:°-86 (15H, seemingly d, 7= m), 3.98 (1H, dd, 7=2.5, HHz) . MS (70eV) m/z: 382 (M+ -CH3). Anal. Found: C, 75.70; H, 12.66; N, 3.41, Calcd. for C25H51NO2: C, 75.51; H, 12.93; N, 3.52%. Deprotection of amino-acetonides. i ) 2, 3-er yt hr o-2-Ami no-5, 9-di met hyl -8-decene-l , 3-di ol (la).
A mixture of (5a) (510mg, 2 mmol) and p-TsOH-H2O (760mg, 4 mmol) in /-PrOH (15ml) was stirred at room temperature for 48hr. The reaction mixture then poured into a 10% NaOHaq. soln and extracted with ether. The ether extract was washed with water and brine, dried with MgSO4 and evaporated in
